Pathological fractures occur in an area of bone where either the quantity or quality of bone is modified and the main cause of bone metastases that weaken the structure and will lead to fractures are in high proportion given by visceral tumors or primary hematopoietic tumors like myeloma. This paper's objective was to review the actual knowledge in the treatment of fractures secondary to metastases. Spinal lesions were not discussed in this paper. Literature search was performed using MEDLINE and Web of Science to find literature relevant to fracture risk and prophylactic intervention in metastatic bone disease. The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guideline was used for this review. As results, we identified 30 papers that were suitable for this review. Most of them concluded that it is difficult to assess the amount of bone involvement on radiographs alone. Using the actual guidelines for prophylactic fixation may result in an under treatment or overtreatment of patients with metastatic bone disease. Their ability to determine which metastatic bone lesions will fracture is altered mainly because of the small number of patients included in the studies. The prediction factors for fracture risk are still to be evaluated. CT, FDG-PET or CT scan-based finite element analysis may be useful tools for the identification of impending pathological fractures requiring prophylactic stabilization.
Introduction
Pathological fractures occur in an area of bone where either the quantity or quality of bone is modified. The main cause of bone metastases that weaken the structure and will lead to fractures are in high proportion given by visceral tumors or primary hematopoietic tumors like myeloma. The outcome of the lesion depends on the bone type and location of the lesion. Patients with bone lesions fall into two categories: previously diagnosed bone tumor that progressed or the first presentation. A primary tumor of the bone should be excluded in a patient with no previous diagnosis of malignancy and a current bone lesion. The next step is to stage the tumor, locate the primary lesion and general investigations. For further treatment and decision, the information should be discussed with a multidisciplinary team.
The life expectancy is very difficult to predict in such cases; the management of each patient is highly influenced by the prognosis. The treatment of metastatic disease has multiple goals that need achievement, such as providing pain relief, restore the functionality or preserve it and add a fixation with no need for another surgical intervention. No surgical procedure that provides fixation would be indicated for patients with a short life expectancy, in all other cases the indication should be endoprosthetic replacement due to high failure of internal fixation. The most frequent area treated with endoprosthetics is the proximal femur. Diaphysis lesions are in most cases treated with intramedullary nailing.
When a fracture occurs in an abnormal bone, it is defined as a pathological fracture. The fractures could appear after traumatic events or during normal activities. The main reason for pathological fractures to appear is a metabolic bone disease like osteoporosis, which is the most common, osteomalacia and Paget disease. Congenital diseases, as for example osteogenesis imperfecta, are also included. Besides metabolic bone disease, pathological fractures may take place in bones with benign tumors, like simple bone cyst, malignant primary bone tumors, metastases from visceral primary lesions in the bone structure and hematopoietic primary tumors. This paper's objective was to review the actual knowledge in the treatment of fractures secondary to metastases. Spinal lesions were not discussed in this paper.
In most patients, a pathological bone fracture through a neoplasm will lead to a metastatic disease. Skeletal metastases may appear many years after the primary tumor was diagnosed. They could be found with the primary lesion at the same time, or they may be the presenting symptoms, which may lead to the discovery of a primary tumor.
The main 5 tumors that lead to bone metastases most frequently are breast, prostate, lung, renal and thyroid. A study made by Harrington, demonstrated postmortem that the majority of breast and prostate tumors also had bone lesions [15] . Patients with high grade prostate or breast cancer will develop metastases in almost 50% of the cases. Among those patients, 20% may require orthopedic intervention [29] . For the patients diagnosed with breast cancer, the bone is the most frequent area of distant relapse [3] . Many cases have been identified with skeletal lesions, mainly diagnosed with adenocarcinoma or squamous cell carcinoma, in which the primary tumor is never found but the diagnosis can be established with the use of immunohistochemistry.
The most common sites with metastases are the spine, proximal femur, pelvis, ribs, and proximal humerus. At the femur, 50% of the cases are with femoral neck fractures, followed by subtrochanteric fractures (30%) and intertrochanteric fractures (20%).
The patients with metastatic bone disease are very difficult to manage. Almost 50% of the patients are not able to live more than 6 months after a pathological bone fracture [8, 13, 29, 30] . However, if they follow the treatment, the patients can survive for years and they may not need any further surgery. Identifying patients with low life expectancy who may not need massive skeletal reconstruction and avoiding subjecting the patients to additional surgery (implant related) as much as possible is the main challenge of the orthopedic surgeon.
Materials and methods
Literature search was performed using MEDLINE and Web of Science to find literature relevant to fracture risk and prophylactic intervention in metastatic bone disease. All abstracts found via literature search were screened for relevance to the study topics: (1) bone metastases, (2) fracture risk, and (3) prophylactic fixation. The search was done using specific terms and synonyms.
With the use of the PICOS concept (patient, intervention, comparator, outcome, study type), the next specified criteria arose: (1) bone metastases; (2) the use of prophylactic fixation; (3) no comparator; (4) results of prophylactic fixation; (5) no standard study design; (6) a minimum of 20 patients per study [20] . We used the standard recommendation of two independent readers who performed the selection and subsequent extraction process [20] . The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guideline was used for this review [20] .
Results
We identified 96 papers from the two databases. After exclusion of 25 papers (duplicates), the number reduced to 71. 36 were abandoned because of the title and the abstract. In the end, 35 papers were convenient. Two of them were not obtainable, 3 were inappropriate, 30 of them were used (Fig. 1) .
Fig. 1 Review protocol with the use of PRISMA guideline
Predicting with high accuracy metastatic bone lesions that can develop a pathological bone fracture would avoid patients' undergoing unnecessary surgery and/ or preventing a fracture. For the estimation of fracture risk, several guidelines and papers have been used that included the size and shape of the bone defect, tumor type, location of the tumor, level of pain and age of patient as variables [3, 5, 9, 10, 18] . There are different opinions about the most accurate factors that are able to anticipate the risk of fracture. According to Harrington, there should be 4 main factors that may lead to prophylactic bone stabilization to prevent a pathological fracture [15] . These factors included a cortical destruction over 50%, a lesion in the proximal femur ≥ 2.5 cm, a fracture-avulsion in the lesser trochanter, continuous pain despite irradiation. Mirel tried to predict the risk of fracture by using a score that is made of 4 criteria: the character of bone injury, the site, pain and the volume of cortical [19] . A patient with a score of 8 or greater is considered at high risk of fracture that needs prophylactic fixation. In some studies, Mirel score showed a sensitivity of 91%, but a low specificity, 35% [6] .
Unfortunately, Mirel grading has some weak points. His study included only 38 cases that had 78 lesions, fifty of which were secondary to breast cancer. Eleven out of 78 included in the study, were not metastatic lesions. His study promotes prophylactic fixation when a patient has a score ≥ 8. The cases with a score of 8 had 15% fracture risk and the cases with a score of 9 had a risk of 33%. For these reasons, a large number of patients could be overtreated with prophylactic fixation.
Current practice shows that pathological fractures are not so common. Multiple studies have reported that only 10% of the cases had fractures, even with proximal femoral lesions [1, 17, 26, 29] .
Assessing the amount of bone involvement is difficult in radiographs. For a noticeable difference, almost 50% of the cortical bone should be affected. A study that evaluated 203 patients with bone metastatic lesions based on their plain radiographs, found difficulties in assessing the volume of the lesion in 57%, because of the infiltrative character [17] .
Another study involving radiographs, undergone on cadavers, found that even without the soft tissue surrounding, the bone consultant orthopedic oncologist had difficulties diagnosing the affected area or determining the size of the bone lesion [14] .
On plain radiographs, it is very difficult to measure the defect but even if it was present, we do not know for sure when the fracture will occur based on the destruction.
Some papers showed that the strength reduces almost 60-90% for a diaphysis defect of 50% [14] . The decrease in strength for torsional forces had also involved the length rather than the diameter of the defect.
It is outlined that prophylactic fixation has better life expectancy than the treatment of a pathological bone fracture [4, 28] , due to confounding factors. Pathological bone fractures usually occur in patients with a poor general status and there is a selection error towards prophylactically managed patients, who undergo surgery because they do not have any contraindication for the surgery.
Prophylactic surgery is considered very often prior to the treatment in skeletal metastases because of the post-radiotherapy fracture risk. In a study, 6 months after radiotherapy, the risk was 35% [19] . Complications of radiotherapy for long bones are fractures and they increase morbidity and mortality. Prophylactic surgery should be done when the circumferential cortical involvement found on CT after irradiation is more than ≥ 30% [23] .
Linclau performed osteosynthesis in 36 pathologic fractures, and, in 21 metastases prophylactic internal fixation, the supremacy of the prophylactic rigid osteosynthesis was sustained with the removal of metastatic tissue and the filling up of the bone defect with allograft or methyl methacrylate [18] . Femoral intramedullary nailing of metastatic lesions provides satisfactory results both clinically and radiologically. Early treatment of the metastases prevents fractures and gives
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better results, improving quality of life of these patients [2] . Prophylactic osteosynthesis is also sustained by many other authors [1, 12, 16, 21, 24, 27] . Prophylactic intervention is more cost-effective than the treatment of pathologic fractures in metastatic bone disease [13] . If the conventional X-ray cannot be evaluated, a computed tomography (CT) scan has to be considered. Prophylactic internal fixation of pathological subtrochanteric fractures due to metastatic lesions has to be considered in cases of increasing pain [7] . Fluorodeoxyglucose (FDG)-positron emission tomography (PET) may help identify breast cancer patients at high risk of subsequent pathological fracture of the proximal femur [25] . In the future, CT scan-based finite element (FE) analysis may provide a useful tool for identification of impending pathological fractures requiring prophylactic stabilization [11, 22] .
Conclusion
Using the actual guidelines for prophylactic fixation may result in an under treatment or overtreatment of patients with metastatic bone disease. Their ability to determine which metastatic bone lesions will fracture is altered mainly because of the small number of patients included in the studies. The prediction factors for fracture risk are still to be evaluated.
The radiographic evaluation of the bone lesions alone is unable to determine the destructions determined by the metastases and the remaining bone quality. CT, FDG-PET or CT scan-based finite element analysis may be useful tools for the identification of impending pathological fractures requiring prophylactic stabilization.
There is a consensus that prophylactic fixation increases the life expectancy and is more cost-efficient, but this conclusion may be altered by the fact that patients who undergo prophylactic fixation have no contraindications for surgery.
